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Zoology of Fe-based superconductors
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Fermi surface topology
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ARPES measures band structure, FS, & SC gap in Fe-SCs
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Phase diagram

of Ba122 system
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Fermi surface evolution in “122”: quasi-nesting?
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Most weak-coupling theories predict anisotropic s+ gap

D.H. Lee
EPL 85, 37005 (2009)
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J, —J, model predicts almost isotropic s+ gap

local interactions Order parameters in Real space configuration
J-J, momentum Space of pairing symmetry
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ARPES observation of superconducting gap
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Nodeless FS-dependent SC gap in Ba,, (K, ,Fe,As, (T, = 37K)
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cosk,cosk, plot of SC gap
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SC gap roughly follows Ajcosk,cosk,, irrespective of doping level
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Photon energy (eV)

kz dependence of SC gaps
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“1117 - NaFe; ¢sCo, osAs (T, = 18K)
non-polar surface
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Modification of SC gap function in FeTe, -Se, 4«

FeAs Fele
J, Is large J; is no longer negligible
/
—A—A—
J3
Jo 20 10 0 10 zo'1o"c'>"'1'o
/ E-E¢ (meV) E- E,: (meV)
/ J 1 / IAI = A2Icos Jcos (4,
_ 4 |- As(cos(24k)+cos 2/(y /2I
/ ‘/ / / EJ A2 =3.55meV |
— [A3=0.95meV_ .~
o .
. . (] -
s,-wave pairing S,-wave pairing 52k _
(Aqcosk,cosk,) (A,cosk,cosk, ? |
— As(cos2k,+cos2k,)/2) F :Hole
= o :Electron
0 k-" I L L | 1 1 L |
0 2 4

H. Miao et al., PRB 85, 094506 (2012) IAl (meV)



A new twist: (T1,K),Fe, ,Se, (T, ~ 30K)
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A,Fe, Se,: electron doped SC

Se valence is 2-, while As valence is 3-
AFe, Se,: electron doping = x/2 -,

Ko sFeqgSe,: electron doping = 0.2, T, ~ 30K
Ko sFeq sSe, (245): electron doping = 0, insulator

KFe,As,: heavily hole doped
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Possible SC gap symmetries
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Isotropic SC gap on electron FS
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3D SC gap structure in (T1,K)Fe, -¢Se,
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Moderate gap anisotropy in LiFeAs
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Moderate gap anisotropy in LiFeAs: STM results
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SC gap (meV)

Comparison between ARPES and STM on LiFeAs
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A possible node in
highly hole-doped (BaK)Fe,As,
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Ba, K, Fe,As, (T, =9 K)
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Nodeless SC ga
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A possible gap node on the tip of small hole FS off M
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(Ba, K, )Fe,As, I (d)

Lifshitz
transition

N. Xu et al., arXiv:1308.3888



A phenomenological
understanding of Fe-SCs
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Selection Rules of Pairing Symmetry

Self-consistent meanfield equation for t-J model

2Te = Jo ) fallPgOk, Te)  atn= 20 st 7 - L
k

Overlap strength between pairing form factor and Fermi surface

OS = Y lf(k)IF6(ek) — p)

AF couplings & gap form Bi1,Sr,CaCu,Og, | Pri_,Ce,CuO, |Bay ¢ K 1 Fe, As, | FeTe ssSeq .45 | KFe 7Se,
Ji: s-wave (cosk, + cosky)/2 0.03 0.01 0.43 (0.29) (0.01)
J1: d-wave (cosk, — cosky)/2 0.61 0.40 0.36 (0.55) (0.74)
Jo: s-wave cosk.cosk, - - 0.62 0.71 0.55
Jo: d-wave sink,sink, — — 0.03 0.01 0.05
J3: s-wave (cos2k, + cos2ky)/2 - - - 0.52 0.31
J3: d-wave (cos2k, — cos2k,)/2 - - - 0.07 0.11




Overlap strength between pairing form factor and Fermi surface
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Three classes of high-T_ superconductors
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Summary
1. The SC gap of all iron-based superconductors measured by
ARPES is a simple sine/cosine function of (kx, ky, kz), strongly
suggesting local pairing and strong coupling

2. On the first order, the gap function can by described by the J,-
J,-J5 model

3. A possible unified paradigm of high-T_superconductivity:

local AFM magnetic exchange
+ collaborative FS topology
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